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Introduction
While Engel's Law predicts that the share of household income spent on food decreases as household income increases, total expenditure on food typically increases.
Increases in household income often lead to higher intakes of protein, calories, and micronutrients. However, phenomena that apparently contradict these tendencies have emerged in China. The household surveys in China by the National Bureau of Statistics of China (NBSC) indicate a substantial decline in per capita food grain consumption and a very minor increase in meat and other products both for rural and for urban China since 1990 (Carter, Zhong and Zhu 2012) food consumption in the 1990s in urban China, followed by a period of stability after 2000.
Similar findings are indicated by Carter, Zhong and Zhu (2012, their table 2) . These statistics would seem to suggest that the income elasticity of calorie consumption is negative for the past three decades, which is puzzling and contradictory to the findings in the literature (Shimokawa 2010; Tian and Yu 2013) .
On the other hand, statistics on dietary energy consumption for China as whole, as compiled in FAO's Food Balance Sheet (FBS) statistics, show a much different picture. (Dowler and Seo 1985) and higher levels of food insecurity (Barrett 2010 ) than FBS statistics. There are many possible explanations for this, including (1) food waste and spoilage not reflected in FBS statistics, (2) home production of food not captured by household expenditure surveys, and (3) differences in the types of foods covered on household surveys and in the FBS (Jacobs and Sumner 2002) . This paper focuses on a different question, namely, not why levels of per capita food consumption are different between these two data sources but instead why the trends that they indicate for rural China do not agree with each other.
Carter, Zhong and Zhu (2012) , and Zhong, Xiang and Zhu (2012) argue that the recent decrease in per capita energy consumption is reasonable in China, and they attribute it to the changing age structure of the Chinese population, specifically to a falling proportion of "big eaters" in the population. We agree that age structure is essential to understanding dietary energy intake. However, this explanation does not solve the contradiction in trends between the household survey and the FBS figures, since both should presumably reflect changes in age structure. 
Measurement Errors
In a household survey, such as the Rural Household Survey in China, total food consumption for a household in during a certain time period (say one year) is well recorded, while per capita consumption is obtained by dividing total consumption by household size: 
Food Consumption Bias
Total household consumption as recorded in a survey may be subject to measurement errors caused by (1) guest consumption (consumption by household guests or consumption by household members as guests of other households), and (2) food away from home (FAFH). If the survey period is long enough (for instance one year), consumption by household guests and consumption by household members as guests of other households might roughly offset each other based on a principle of reciprocity, and the first source of error could be neglected.
The key problem here is FAFH.
As incomes increase, households often increase their spending on food away from home (FAFH) in restaurants, cafeterias, food stalls, and other venues (Ma et al. 2006; Bai et al. 2010) . Even if FAFH expenditure is well-recorded in household surveys, these surveys may not collect data on the quantities of foods consumed away from home, as is the case for the Chinese Rural Household Survey. Due to a lack of price and quantity information, FAFH is often neglected in food demand analyses, such as Fan, Wailes, and Cramer (1995) and Gao, Wailes and Cramer (1996) . Thus, both surveys show a similar increasing trend of FAFH in rural China.
In order to make the data comparable for the whole period since 1983, we use the data from both surveys for 1993-1998 to adjust the RCRE data to NBSC data for the years after 1998 by assuming a linear relationship between the NBSC and RCRE data. The results are depicted in Figure 3 .
If the quantity of food away from home (FAFH) is not included in a demand analysis, the results will of course be biased. When household income is very low, expenditure on FAFH is very small (for instance the figure was only 1.8% in 1983) , and the bias is also small. However, as income increases, the share of FAFH in total food expenditure increases. 
Household Size Bias
Per capita consumption should be based on the number of mouths (consumption household size), who consume the food recorded in the survey. However, empirical analyses typically use the household size as recorded in the survey, which can be a source of significant bias if some household members are absent during the survey period, as in the household survey in rural China. 3 This definition of household size emphasizes an income connection on the part of a person to the household, which is not necessarily the same as a person's status as a consumer or nonconsumer in the household.
Due to the economic boom of the past three decades in China, more and more people from farm households spend time working in cities. Off-farm migration has become an important strategy for improving living standards (Wang et al. 2011) , especially for younger members of poor rural households. According to statistics from the NBSC, the share of offfarm employment income in total agricultural household income has increased significantly in China during the past three decades, from 19% in 1983 to 40% in 2009. Many off-farm migrants are still economically connected with their households, and hence counted as household members in the Rural Household Survey, but much of their consumption is not at home during the survey period. Consumption away from the home during periods of off-farm employment is not captured by the survey. Another source of bias in household size comes from boarding students, who are still economically connected to the household but do not consume food at home during most of the year because they are away at school. 
Approximate Corrections for Measurement Errors
Exact corrections for measurement errors are not possible for rural China because of a lack of data, and indeed if the data were available there would be no measurement errors to begin with. However, approximate corrections can be made for the food consumption and household size biases.
Food Consumption Bias Correction
If we are willing to make the assumption that the composition of food consumed away from home is the same as food consumed at home, then we can approximately correct for biases in food and nutrient consumption levels due to FAFH. In this case, all food products have the same degree of underestimation, i.e., the value of θ is the same for all foods.
Available evidence indicates that the composition of FAFH is different from food eaten at home (Bai et al. 2010) ; for example, consumers often eat more meat and less grain when dining out than when eating at home. However, the assumption of identical composition is serviceable for an approximate correction to food consumption bias.
Household consumption surveys that include FAFH usually record expenditures rather than quantities. Expenditures on FAFH include not only the cost of the food itself but also costs of capital and labor involved in food preparation and service. If we know the share of food costs in total costs for FAFH venues, which we denote as τ , we have the following equation:
E and d E are total food expenditure and FAFH expenditure, respectively, and / d E Eis the share of expenditure on FAFH in total food expenditure.
The Statistical Yearbook of China: Chain Stores of Retail Trades and Catering
Services, published by NBSC, reports the share of material costs in total revenue for largescale chain restaurants in China, which can serve as a proxy for τ . Table 2 
Household Size Bias Correction
Our correction for household size bias involves an indirect approximation of the adjusting factor k . Divide the survey household members s h into those who are in the labor force ( L ), boarding students ( R ), and everyone else (U ) 4 :
Since migration to cities in China is overwhelmingly composed of those who are in the labor force, we assume as an approximation that all of the food consumption by those who are not in the labor force and not away at boarding school is captured by the household survey. Food consumption by labor force members is captured by the survey during those times of the year that they are working on the farm, and not when they are working off the farm. Boarding students only eat at home during school breaks, which are about 3 months in China (two months for summer break and one month for winter break). Then 0.25
ρ denotes the proportion of time spent on the farm for those in the labor force during the survey period.
Lu (2012) 4 The Rural Household Survey of China reports the number of students in total and the number of students aged 7-15 per household after 2002. In China, children usually start primary school at 7 and enter high school or vocational school at 16, which is when most students start boarding. The gap between the two numbers is a good approximation for the number of boarding students. The statistics show that the number of students over 16 per household is relatively stable, ranging between 0.2 and 0.3 after 2002, and the mean is 0.27.
Impacts of Measurement Errors on Food Demand Elasticities
We can assess whether measurement errors cause estimated food demand elasticities using survey data to be different from elasticities that would be obtained if food consumption and household size were measured correctly. First, we examine income elasticities. The income elasticity using survey data is 
Income is typically positively correlated with the proportion of total food consumption that is eaten away from home, so that ln ln 0 y θ ∂ ∂ > . Income is also typically negatively correlated with the share of farm work time in total work time, at least as long as the source of the increase in income is not coming from farm operations, so that ln ln 0 k y ∂ ∂ < . This implies that increases in income raise the ratio k θ , so that actual income elasticities of demand for food products are larger than elasticities obtained using survey data.
Second, we examine price elasticities. The price elasticity using survey data for a food product is ln ln 
If a food product is not being produced by the household, and if its market price is not correlated with market prices of food products that the household does produce, then there is no particular reason to expect a change in its price to have a significant impact on either θ or k . In this case, we can conclude that measurement errors have only a minimal impact on price elasticities.
On the other hand, if a food item is produced by the household, or its market price is correlated with market prices of food items that the household does produce, then a change in the price of that product will affect both household income and the incentives of household members to work on the farm, points emphasized in the agricultural household models literature (Taylor and Adelman 2003) . Higher prices in this case mean higher household incomes ( ln ln 0 y p ∂ ∂ > ) and a greater proportion of food consumed away from home (
Higher prices also create incentives to reallocate time away from off-farm work and toward farm work ( ln ln 0 k p ∂ ∂ > ). The net impact of these changes on the ratio k θ , and in turn on the difference between s ε and a ε , is ambiguous.
Application to the Chinese Rural Household Survey
Using the methodology outlined here, we can derive approximate corrections for per capita food consumption of rural households of China. The main variables and the estimated biases in the Rural Household Survey data are reported in Table 3 . The figures in Table 3 indicate that the bias in per capita food consumption has steadily increased as per capita income has increased. Corrected per capita consumption for 1983 is only 12% higher than the reported number from the NBSC, of which 11 percentage points are due to migration and boarding students, and 1 percentage point to FAFH. However, the bias increases to 29% in 2009, of which 21 percentage points is due to migration and boarding students, and 8 percentage points to FAFH. The bias is greater than 20% for every year after 1999 and the recent bias is close to 30%, which is a very large number.
The estimated bias can be used for correcting statistics on dietary energy consumption. Figure 4 shows trends in per capita calorie consumption of rural households in China both for the original NBSC data and the data after our corrections. The two lines clearly diverge. Figure 4 also indicates that the corrected per capita energy consumption for rural households in China has been relatively stable in recent years. only slightly higher than 2990 kcal, the national average level for China from FAO. This figure is plausible because rural workers often engage in heavy manual labor whether they are working on or off the farm, and they need more calories than the national average.
After adjusting, we find that per capita calorie consumption in rural China is higher than in the national average for India, slightly lower than in Brazil, and substantially lower than in Russia, the United States, and Germany.
Underreporting of consumption also could significantly bias income and price elasticities, and these biases can be corrected using equations (9) This paper develops a methodology for estimating the magnitudes of the biases in per capita consumption resulting from these measurement errors, and for correcting these biases.
This paper also develops a methodology for estimating how income and price elasticities of demand for food products may be biased as a result of these measurement errors.
We find that actual per capita food consumption in rural China is being underreported by about 30% in the Rural Household Survey, and that this bias has increased significantly over time. The results indicate that calorie consumption in Rural China has remained stable during the past decade, rather than exhibiting a declining trend as reported by NBSC.
We also find that the measurement errors lead to an underestimation of income elasticities of demand for food products in rural China by about 0.16. At an income elasticity of 0.5, which is plausible for food products as a whole in present-day rural China, this bias is 30%, which is substantial.
Measurement errors of the type investigated here may exist in other household food consumption surveys, both in China and in other countries. The method for correcting biases proposed here could easily be extended to other surveys. Notes: NBSC only reports expenditures on food away from home for the period between 1983 and 1998. The survey by RCRE reports the data in 1993 and the years after 1995. Clearly, the figures from RCRE are systematically higher than those from NBSC. We use the data between 1993 and 1998 to adjust the data from RCRE to NBSC data for the year after 1998, by assuming a linear relationship between the data of NBSC and RCRE. 
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